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We calculate the differential cross-section for the scalar
electrodynamics in the context of Randall-Sundrum model.
It is observed that this cross-section increase monotonically
with increasing the energy.
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I. INTRODUCTION
Recently Randall and Sundrum (RS) proposed a new
approach to extra dimensions for space-time to solve the
hierarchy problem [1,2]. In their method unlike the old
program of Kaluza-Klein, the extra dimensions are not
compact and in fact, it is assumed that there exists only
one extra space like dimension for space-time. In this
(4+1)-dimensional space, the fth dimension is taken
homeomorph with an orbifold S1=Z2, which has two xed
points in  = 0 and  = . With this assumption, they
take two physical 4-dimensional worlds that are located
at these xed points. One of them which is located at
 =  is called the visible world and is assumed we are
living on it, and the other one is called hidden world.
In RS method same as the Arkani-Hamed, Dimopoulos
and Dvali (ADD) approach [3], it is assumed that except
the graviton (and also axions) all the Standard Model
(SM) elds are conned in these two distinct worlds. The
physical laws are the same on these two worlds but the
masses and the coupling constants may dier.
In this model, the classical action is assumed to be:















p−ghidfLhid − Vhidg (1.1)
where M and  are the 5-dimensional Planck mass and
the cosmological constant respectively, and Lvis (Lhid)
is the SM or any eective Lagrangian corresponding to
matter and force elds except the gravity.
The classical solutions of Einstein equation for the
mentioned action is the following metric:
ds2 = e−2σ(φ)µνdxµdxν + r2cd
2; (1.2)
with
() = rcjj; (1.3)
where  and rc are the coordinate and radius of S1 in
orbifold S1=Z2 and  =
q
−Λ
24M3 . By integrating out
the fth dimension, coupling constant of the eective 4-






It is found that a eld on visible brane with the funda-
mental mass parameter m0 will appear to have a physical
mass m = m0e−κrcpi. By taking rc ’ 12, the observed
scale hierarchy reproduces naturally by exponential fac-
tor and no additional large hierarchies arise.
At this stage, it is natural to search for any observable
eects of this extra fth dimension in RS model. Many
eorts have been done to probe the eects of this extra
dimension in ordinary particle interactions [4{6].
There would be two kinds of gravitons in this formal-
ism; the rst type is massless ordinary graviton, which
is also conned to the 4-dimensional physical space-time,
and the others are massive gravitons. In [5] it is shown
that the eects of the massless gravitons in particles in-
teractions are in order of 1
M2
P
where MP is the 4-dim
Planck mass. However, the contributions of the massive
ones are considerable and comparable with the weak scale
of the Standard Model.
In this paper, we calculate the cross-sections of scalar-
scalar to photon and any kind of graviton eld ( !
gγ).
II. DIFFERENTIAL CROSS-SECTION FOR
→ Gγ
At the beginning, we consider the scalar electrodynam-
ics as the eective theory of matter and forces in visible
and hidden spaces. The action of this theory is:
1
Svis = SSED =
Z




where gµν = g(0)µν + hµν and g(0)µν is the inverse of the
classical metric (1.3). The interaction between matter
and gravity comes from 1MP hµνT






FIG. 1.  → gγ interaction, where solid lines are 
bosons, dash line is graviton and wavy line is photon.
Now the S-matrix elements corresponding to the above
HInt for the  ! gγ interaction (Fig. 1) can be easily
written as:






A−µ(x)+(x)@ν+(x)j; ~p1; ; ~p2i: (2.3)
It should be noted that the cross-section of corresponding
interaction in scalar QED without gravity ( ! γ) is
zero by the energy-momentum conservation. By using
the Fourier transformation of the elds in eq. (2.3), one
may obtain the following relation for S-matrix:
hf jSjii = −i(2)4e4σ(4)(q + k − p1 − p2)M; (2.4)




eµν(k)µ(q)(p1 + p2)ν : (2.5)
In the above equation µ and eµν are the polarization of
photon and graviton respectively. To calculate the un-
polarized cross-section, we should make summation over






µ(q)ν(q) = −gµν (2.6)









































gµαgνβ + gµβgνα − 23gµνgαβ

: (2.8)
Using the above relations, it is straightforward to calcu-
late the dierential cross-section in the center of mass
frame of the incident particles for the massless and mas-






















where  is the ne structure constant. In the above equa-
tion summation over n means sum over dierent masses
of gravitons, mn = xne−σ, where xn are the roots of
J1(xn) = 0, the ordinary Bessel function of order 1 [2].
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FIG. 2. Cross-section of massive graviton production in
 → gγ interaction. Solid curve is the total cross-section
for four first lightest massive gravitons. Dashed, dash-dotted,
dotted and dash-dotdotted curves correspond to individual
contribution of first to forth lightest massive gravitons, re-
spectively. Here, we assumed  = 1019 GeV , rc ' 12 and
mφ = 250 GeV
2
In Fig. 2 the behavior of  versus to energy E is plot-
ted which shows a soft increasing of cross-section relative
to increasing the number of massive graviton modes. In-
creasing the cross-section versus the energy at rst sight,
may look odd. However, this behavior is natural for non-
renormalizable theories. In the RS background, there are
two independent parameters,  and rc. Producing weak
scale from Planck scale requires that rc ’ 12, so by
keeping rc xed, one can change the graviton masses
which are proportional to . Therefore, the total energy
in this proposed experiment increases by increasing .
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